Introduction

luoride (F -
is an essential trace element that, in low concentrations, has been proven to be beneficial for teeth and bone development (Pendrys, 2001) .
Fluoride (F -) anions are widely distributed in the environment in different forms and their compounds are extensively used. Water consumption is typically the largest contributor to daily F intake either due to runoff of F --containing rocks and soils into groundwater or artificial fluoridation of drinking water in some areas (ATSDR, 2003) .
Furthermore, F for cells of different tissues both in vitro and in vivo. Oxidative stress has been considered an important mechanism of fluoride intoxication (Barbier et al., 2010) . Thymoquinone (TQ), the main active component of the volatile Nigella sativa (black cumin) seed oil have demonstrated a high antioxidant antiinflammatory and hepatoprotective properties (Mohannad and Peter, 2014) .
The goal of present work was to investigate the possible protective effects of thymoquinone, against fluoride-induced hematological and biochemical alterations.
Material and method
Chemicals and drugs
Sodium fluoride was purchased from El-Gomhoria Co. for Chemical and Pharmaceutical Products, El-Amirya, Cairo, Egypt. It was in the form of white powder freely soluble in distilled water. Thymoquinone was obtained from Sigma-Aldrich Chemical Co. (St Louis, MO, USA) in the form of 100mg capsules freely soluble in distilled water.
Animal group deployment
This study was carried out on 70 adult male albino rats of approximately 200±50g body weight. Animals were obtained from the Medical Research Centre of Faculty of Medicine Ain Shams University. Rats were allowed free access to rat chow diet and water. They were handled in accordance with the standard guide for the use and care of laboratory animals and were divided into 7 equal groups as follows:
 1 st group (negative control group): Rats were kept without handling to determine basic parameters for 5 weeks.  2nd group (positive control group): Rats received distilled water orally for 5 weeks.  3rd group (thymoquinone TQ group): Rats received orally TQ at a dose of 10mg/kg body weight /day for 5 weeks (After Ali and Bunden, 2003) .  4th group (1 st sodium fluoride group): Rats were intoxicated with sodium fluoride orally at a dose of 10mg/kg body weight /day for 4 weeks (Blaszczyk et al., 2011) .  5th group (2 nd sodium fluoride group): Rats were intoxicated with sodium fluoride daily for a similar duration but at a dose of 20mg/kg body weight /day (Blaszczyk et al, 2012 )  6th group (1 st protection group): TQ was given at a dose of 10 mg/kg body weight/day then followed by both TQ and Na F at a dose of 10mg/kg body weight /day for 4 weeks.  7th group (2 nd protection group): TQ was given for 1 week then concomitantly with Na F at a dose of 20mg/kg body weight /day for 4 weeks.
Experimental parameters
At the end of the experiment period, animals were anaesthetized and sacrificed. Abdominal aorta was exposed. Blood was collected and rapidly divided into 2/3 to be put in a heparinized tube and the other 1/3 was collected in a plain tube.
The heparinized portion was used for the determination of: a. Hematological parameters (Hb, RBC, TLC and platelets count) using Beckman Coulter. b. Oxidative indices i. Superoxide dismutase (SOD) according to Kakkar et al. (1984) ii. Total antioxidant capacity (TAC) after the method of Koracevic et al. (2001) . iii. Serum advanced oxidation protein products (AOPP) according to Witko-Sarsat et al. (1996) . iv. Thiobarbituric acid reactive substances (TBARS): Using the method of Hartnett et al. (2000) The rest was centrifuged at 3000 rpm for 15 min, stored in the deep freeze at-20 o C for further biochemical analysis:
 Total cholesterol and triglycerides (TG) after the method of Zollner and Kirsch (1962) .  Blood glucose concentration after Trinder (1969) .  Aspartate aminotransferase (AST) and alanine aminotransferase (ALT) according to Henry et al (1974) .  Alkaline phosphatase (ALT) according to Gowenlock et al. (1988) .  Total serum bilirubin according to Walter and Gerade (1970) .  Total serum proteins according to Lewandrowski and Lewandrowski (2002) .
Statistical analysis
Numerical data were expressed as mean ± standard deviation. Data were analyzed using Statistical Package for Social Science (SPSS-Version 17.0) software. Significance between experimental groups were determined using one way analysis of variance (ANOVA) followed by post hoc tests (LSD) for the comparison between each two groups. P < 0.05 was considered statistically significant (Snedecor and Cochran, 1973) .
Results
Table (1) shows no significant difference between group I (negative control group), group II (positive control group) and group III (thymoquinone TQ group) as regards the different studied parameters. Table ( 2) shows a comparison between group I (negative control group) and the toxic groups (group IV and V) as regards the different experimental parameters. Regarding hematological parameters, a significant decrease of Hb concentration, RBC, TLC and platelet count was noticed in the toxic groups (group IV and V) compared to the negative control group. Significant increase in serum cholesterol, TG and blood glucose level in addition to liver enzymes and total bilirubin levels were observed in the toxic groups (group IV and V) compared to the negative control group, with significant decrease in total serum proteins in the same groups. Regarding oxidative indices, there was significant increase in TBARS and AOPP in addition to significant decrease in SOD and TAC among group IV and V when compared to negative control group. Table ( 3) shows comparison between group I (negative control group) group IV and group VI as regards the different experimental parameters. It was observed that fluoride-induced hematological and biochemical changes were ameliorated in the group that received TQ (group VI) when compared to the toxic group (group IV).
Table (4) shows comparison between group I (negative control group) group V and group VII as regards the different experimental parameters. Significant differences were noticed between group VII and V when compared with GI and it showed that TQ administration alleviated the toxic effects of NaF but still not reaching the control level. 
Discussion
Sufficient evidence had demonstrated that fluoride produced deleterious effects in skeletal, dental and soft tissues. Numerous studies linked increased oxidative stress to F exposure (Grucka-Mamczar et al., 2009; Nabavi et al., 2013) .
Natural herbal constituents are extensively studied for their ability to protect cells from miscellaneous damages. Currently, the use of phytochemicals as a therapy in diseases related to oxidative stress has gained immense interest for their ability to quench free radicals and their capability to protect body tissues against oxidative stress (Nabavi et al., 2012) . The present study was an attempt to evaluate the toxic effect of sodium fluoride and the possible ameliorative role of thymoquinone, the major bioactive constituent of N. sativa seed.
Under normal circumstances, the potential damaging effects of free radicals are limited by the endogenous antioxidant defenses in body (Gey, 1998) . Several enzymes are important as cellular antioxidative defense specially superoxide dismutase (SOD) which serves a key role against superoxide, one of the main reactive oxygen species in the cell. Protective antioxidant pathways also include endogenous free radical scavengers (albumin, urate, and bilirubin) and metal-preventive antioxidants (caeruloplasmin and transferrin) (Miller et al., 1993; Jackson et al., 2002) .
The measure of TAC generally considers the cumulative action of all the antioxidants present in plasma and body fluids, thus provides an integrated parameter rather than the simple sum of measurable antioxidants (Ghiselli et al., 2000) . In the present study, exposure to sodium fluoride depleted SOD antioxidant enzyme and decreased total antioxidant capacity (TAC) suggesting an impaired function of antioxidant defense system.
An ability of oxidative stress to provoke cell death has been associated with oxidative damage to macromolecules such as DNA and proteins, peroxidation of membrane phospholipids, and mitochondrial depolarization, thus initiating apoptosis and organ lesions (Halliwell and Guttteridge, 2007) .
In the present study increased TBARS may reflect F --induced lipid peroxidation. Lipid peroxidation is the process of oxidative degradation of membrane lipids especially polyunsaturated fatty acids, resulting in their damage and impairment of a variety of intra-and extramitochondrial membrane transport systems thus contributing to apoptosis (Agalakova and Gusev, 2012 ).
In the current study, AOPP was significantly increased in NaF treated groups. Advanced oxidation protein product (AOPP) have been defined as a novel marker of oxidative stress-mediated protein damage. Oxidation of amino acid residues such as tyrosine, which leads to the formation of dityrosine, protein aggregation, cross-linking, and fragmentation are but a few examples of ROS-mediated protein damage (Inkielewicz-Stępniak and Knap, 2012). The increased AOPP in addition to a concomitant increase in TBARS, can serve as an indicator for the intensity of fluoride-associated oxidative stress. This in turn may suggest another important indirect mechanism of fluoride-induced cytotoxicity by supporting the relationship between endogenous antioxidant system and oxidative stress in the pathogenesis of toxicity.
The findings reported here are consistent with those of others in showing that, in F --treated rats, the combined effect of reductions in antioxidant enzyme activity plus high levels of lipid peroxidation is associated with deleterious oxidative changes due to the accumulation of toxic products (InkielewiczStępniak et al., 2012 and Sarkar et al., 2014) .
Therefore, enhancing endogenous antioxidant status by administrating exogenous compounds can provide an effective strategy to prevent and reverse NaF-induced toxicity (Wessam, 2013) .
In the present work, supplementation of NaF intoxicated groups with TQ, restored antioxidative homeostasis. This was evidenced by increased assayed markers of endogenous antioxidant system (SOD and TAC) with concomitant decrease of markers of oxidative stress mediated damage (TBARS and AOPP).
The beneficial protective antioxidant activity of TQ in vivo, has been previously reported and may be attributed to the ability of TQ to act as a free radical and superoxide radical scavenger, as well as preserving the activity of various anti-oxidant enzymes (Woo et al., 2012 and Hamid and Hossein, 2014) .
Studies have also shown that TQ could up regulate the glutathione-S-transferase(GST), glutathione peroxidase (GPx) and catalase (CAT) genes with the consequent elevation of hepatic GST, GPx and CAT levels to overcome oxidative stress (Nagi and Almakki, 2009; Ismail et al., 2010) . The strong antioxidant properties of TQ may be related to the redox properties of the quinine structure of the TQ molecule, and its unrestricted crossing of morphological barriers, thus gaining easy access to sub cellular compartments and facilitating the ROS scavenging effect (Badary et al., 2003; Alenzi et al., 2013) .
Regarding the effect of sodium fluoride on the measured hematological parameters, a significant decrease of Hb concentration, RBC, TLC and platelet count was noticed in the toxic groups compared with controls. Similar results have been reported by Vijaya Bhaskara Rao and Vidyunmala (2009) and Sharma et al (2013) .
Various authors suggested that fluoride toxicity has potential harming effects on bone marrow, hematopoietic organs and hematopoietic progenitor cells (Machalinski et al., 2000) . Deng et al (2013) as a major pathophysiological process, in addition to ATP depletion, and oxidative stress (Agalakova and Gusev, 2011) . Moreover, the noted decrease in TLC can be attributed to destruction of the ultrastructure of the thymus in addition to DNA damage in the thymus, bone marrow, and blood lymphocytes (Zhao et al., 2014) In the present study, it was observed that fluoride-induced hematological changes were ameliorated in the groups that received TQ compared to toxic groups. These results suggest a beneficial effect of TQ against fluoride-induced changes in bone marrow and hematopoietic progenitor cells.
Similar results were observed by Toghyani et al. (2010) who noted significant increase in RBC count, hemoglobin concentration and hematocrite value in addition to increased weight of lymphoid organs. On the other hand Asgary et al. (2012) denied any direct effect of nigella sativa on blood cells.
In the current study, the administration of sodium fluoride led to significant increases in serum cholesterol, and triglycerides when compared with the control groups. NaF -induced changes in lipid profile are in accordance with the obtained results by Al-Harbi (2014) and Khudair and Aldabaj (2014) . Conflicting results were also obtained by Kanbur et al. (2009) who reported lowering in plasma cholesterol and TG levels following the administration of sodium fluoride.
It was suggested that the abnormal enzyme activities seem to be one of the chief factors responsible for the rise in serum triglycerides and cholesterol. Enzymes inhibited by fluoride, such as triglyceride lipase, unspecific esterase and pyrophosphates may be involved, causing inhibition of fatty acids oxidation. Besides, fluoride was found to cause hypercholesterolemia due to lowering of insulin level (Garcia-Montalvo et al., 2009) .
Moreover, oxidative stress induced by NaF could be claimed. It was suggested that NaF intoxication causes increased lipid peroxidation and loss of membrane integrity which might be important in altered lipid metabolism and closely associated with the observed hyperlipidemia (Abdel-Wahab, 2013) .
Thymoquinone supplementation alleviated the previously mentioned alteration in the lipid profile. There is some scientific evidence of a hypolipidemic effect of TQ; however, the mechanism of this hypolipidemic action is not fully understood (Badary et al., 2000; Bamosa et al., 2002) . Decreased cholesterol synthesis by TQ, and more importantly, its antioxidant role have been proposed (Pourghassem-Gargari et al., 2009) . A significant increase in serum blood glucose level was found in F -exposed rats. Results of the current study coincide with results from other studies by Chehoud et al. (2008) Inhibition of enzymes in glycolytic pathway (hexokinase, enolase, pyruvate kinase) by fluoride was proposed as one of the reasons for increased glucose in blood by fluoride (Bergandi et al., 2010) . However, the primary mechanism appears to involve decreased insulin secretion and transcription in pancreatic beta cells (Garcia-Montalvo et al, 2009) The current results showed that TQ administration blunted the hyperglycemia induced by NaF. Interesting studies have confirmed that treatment with TQ have an antidiabetic action through extrapancreatic activities with activation of cell signaling molecules and not through affecting insulin release. The hypoglycemic effect of TQ has been also suggested to be due to its ability to decrease hepatic gluconeogenesis, to preserve pancreatic beta-cell integrity, and to increase antioxidant defense system activity (Fararh et al., 2002 and Rchid et al., 2004) . Abdullah (2015) stated that the mechanism of N. sativa hypoglycemic effect is multifactorial including increasing insulin release, decreasing insulin resistance, stimulating -cell activity and decreasing intestinal glucose absorption.
Findings of the present study showed that oral administration of NaF induced a significant increase in serum liver enzymes namely AST, ALT, and ALP and total bilirubin. These indices usually reflect hepatocyte integrity and cholestasis and their elevation indicates hepatocellular damage (Pratt and Kaplan, 2005) Additionally, a significant decrease in total serum proteins was noted in NaF intoxicated groups. The change in serum protein may reflect a decrease in the liver functioning mass and can be employed for monitoring liver synthetic activity, since all blood proteins are synthesized in the liver except for gamma globulins (Dabrowska et al., 2006) . The significant alteration of liver function indices in the present study is in accordance with studies demonstrating the induction of both pathomorphological and metabolic changes in the liver by exposure to fluoride (AL-Harbi et al., 2014; Atmaca et al., 2014) .
As a site of active metabolism, the liver can be especially susceptible to fluoride toxicity (Shashi and Thapar, 2001 ). NaF-induced cytotoxicity and necrotic death of hepatocytes can be related to toxic fluoride effects ultimately leading to cell death. These cellular events include an induction of inflammatory reactions, inhibition of protein synthesis and cell cycle progression, oxidative stress, and DNA damage. The molecular mechanisms underlying fluoride-induced apoptosis include the stimulation of G proteindependent signaling systems, oxidative stress, ATP depletion, activation of the cell surface death receptors, disruption of outer mitochondria membrane, alterations in the ratio of anti-apoptotic-apoptotic Bcl-2 proteins, upregulation of p53 expression, expression of apoptosis-related genes, endoplasmic reticulum stress and disturbances in protein synthesis (Ghosh et al., 2008; Agalakova and Gusev, 2013) .
Compared to fluoride alone -treated groups, TQ co-administered groups showed statistically significant difference in the level of serum biomarkers related to hepatic dysfunction (including AST ,ALT, ALP, total bilirubin and total protein) suggesting a potential protective role of TQ against NaF-induced hepatic damage.
Results of our study are in agreement with earlier studies by Daba and Abdel-Rahman (1998) and Yong et al. (2015) suggesting that TQ supplementation could alleviate hepatic toxicity. This protective effect may be due to the ability of TQ to antagonize the enhanced LPO and in turn stabilize the integrity of the cellular membranes leading to preventing or at least decreasing the leakage of liver enzymes. Farag et al. (2015) concluded that kidney and liver injury due to cyclosporine can be significantly decreased by thymoquinone which resets oxidant / antioxidant balance of the affected organ through scavenging the free radicals.
Conclusion
Administration of NaF caused haematological and biochemical alternations. Oxidative stress is considered one of the main contributors to these changes. Supplementation of NaF intoxicated rats with TQ ameliorated these effects.
Recommendations
Further studies to investigate the effect of other F -salts on other body organs and to explore the role of other compounds having free radical scavenging capabilities are recommended. Protective effect of resveratrol on sodium fluoride-induced oxidativestress, hepatotoxicity and neurotoxicity in rats. Food and Chemical Toxicology; 
